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<£) Hydrochlorofluorocarbon azeotropic or azeotropic-like mixture. 

© A hydrochlorofluorocarbon azeotropic or azeotropic-like mixture comprising at least one member selected 
from the group consisting of hydrogen-contEining fiuoropropanes of the formula I: 

™Sf+l°?c=l F x + A = X a + *l. b*yll. and OSa.b.c.x.y.z^. and at least one member selected from 
the group of compounds II consisting of halogenated hydrocarbons having a baling point of from 20 to 85 C 
other than said hydrochlorofluoropropanes, hydrocarbons having a boiling point of from 20 to 85 C and alcohols 
having from 1 to 4 carbon atoms. 



2 



EP 0 381 216 A1 



HYDROCHLOHOFLUOROCARBON AZEOTROP.C OR AZEOTROP.CL.KE MIXTURE 

50 °Ch,ro,,uoroca,bon compounds ^^^-^^Z^X^ 
. many cases, non-flammable and chern.ca */ «-£ ^£ thane (B ?13) is used as a 

available. By virtue of such properties, 1^1 ,2-tnchloro U or g prope „ ant; and d(Ch . 

hinwino aoenf trichloromonofluoromethane (R11) is usea as a 
odmuorethane (R12) is used as • «^ " ^Jf*. troposph ere and reach the stratosphere. 
Chemically stable R1 1 . R12 and R1 13 have -to^^JJ ^ P P ^ ^ g chajn ^ 
ro where they wi.l be dissociated by * rc ^ ^° regufctions for limiting the use of such 

with ozone and deplete the ozone layer. Accord ng* 9 activ ely conducted to develop 

conventional CFCs have been implemented Therefore, a researc 

a CFC alternative which scarcely depletes the ow»ii>* containin g a novel hydrochlorofluoropropane 
useful as a CFC alternative. „„ h „w,„nr 0 carbon azeotropic or azeotropic-like mixture compris- 

— rt r- r»i c (\\ . . a momhor selectee 



20 



25 



30 



85' C and alcohols having from 1 to 4 carbon * oms . fla mmable and may take a form of an 

Tne mixture of the present invent.cn * ""J*""^ 8 £™rly when used as a solvent, it provides 
azeotropic composition or an ^otrop.c^e *^^SSL (RU3>. Therefore, it is very useful 
properties equal or superior to conventional .1 1 .2 ^ comp0 si»ion was observed when bo l.ng or 
as an alternative for R1 13. Further. ™^TZTnZer*s * conventional single CFC. whereby it has a 

SSL" 

JZZZZZS^J^^ a Corine atom. Specifically, *ey include ,e 



following compounds: 
CClF 2 CF 2 CHCJU (B224ca) 
CCl 2 FCF 2 CHCtF(R224cb) 
35 CF 3 CF 2 CHCl 2 (R225ca) 
CClF 2 CF 2 CHClF(R225cb) 
CClF 2 CF2CH 2 Cl(R234cc) 
CHF 2 CF 2 CHCtF(R235ca) 
CH 3 CF 2 CCl 2 F(R243cc) 
40 CHF 2 CF 2 CH 2 Ct(R244ca) 
CH 2 CtCF 2 CH 2 Cl(R252ca) 
CHCt 2 CF 2 CH 3 (R252cb) 
CH 3 CF 2 CH 2 Cl(R262ca) 
CHF 2 CF 2 CCtF(R225cc) 
as CHCtFCF 2 CHClF(R234ca) 
CHF 2 CF 2 CHCl 2 {R234cb) 
CH 2 FCF 2 CCt 2 F(R234cd) 
CF 3 CF 2 CH 2 Ci(R235cb) 
CCtF 2 CF 2 CH 2 F(R235cc) 
6o CH 2 ClCF 2 CHClF(R243ca) 
CH 2 FCF 2 CHCl 2 (R243cb) 
CH 2 FCF 2 CHClF(R244cb) 
CCtF 2 CF 2 CH 3 (R244cc) 
CH 2 FCF 2 CH 2 Cl(R253ca) 
CH 3 CF 2 CHClF(R253cb) 
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CF 3 CF 2 CHCtF(R226ca) 
CCtF 2 CF 2 CHF 2 (R226cb) 
CCt 3 CF 2 CHCt 2 (R222c) 
CCl 2 FCF 2 CHCl 2 (R223ca) 

s CCl 3 CF 2 CHClF(R223cb) 
CCl 3 CF 2 CHF 2 (R224cc) 
CHCt 2 CF 2 CHCt 2 (R232ca) 
CCt 3 CF 2 CH 2 Cl(R232cb) 
CCl 2 FCF 2 CH 2 Cl{R233cb) 

W CHCt 2 CF 2 CHClF(R233ca) 
CCl 3 CF 2 CH 2 F(R233cc) 
CCt 3 CF 2 CH 3 {R242cb) 



75 



20 



25 



30 



35 



brominated hydrocarbons having from 1 to ,4 carbon dich | 0rome thane. trich- 

The chlorinated hydrocarbons hav,ng ^ 1 AJ^^ i^^pana. 2-ch.oro- 2 .methyl- 
.oromethane. ^'-^fS^wSiSr^^ hydrocarbons include ,.1,2-trich- 
propane. ane ^ J^J^S^^ (R122) , ^.^richloro-.^i.luoroethane 

K-nc.de 2,_e as a preferred 

^hydrocarbons having a boiiing p = S^^S^SS "J 

hydrocarbons. Preferably, they include h y drocafb ° n ^^^ n9 * ro ^ 2-methylpentane. methyl- 

Mttylut™. 2-me W«an. «l "f^S!^' n*U» .1 tta may vary to an 

JZZSZ ISS^ - — • » — " * ** influence 

methylhexane. heptane, .soheptan e 2 3-d , ^^J^^^ P lcyc ^ ane: chl0 nn a ted hydrocar- 

r 2 f ^rtTSSffi ^ SSS^lehJ-U -d tetrachloroethy.ene; 
bons such as 1.1.2 „ Qf , he sent invent ion. such as 1.1-dichloro-2.3,3.3- 

ch.orofluorinated hydrocart »n omar tho of th p cis . 3<hlor0 . 1 , , 2 .4AS. 5 .5-non- 

TTXneT'l i 2 2" STe^tSiSn. and tetrachloro-LZ^uoroethane; nfco compounds: 

othels: aSe^ esters; organic phosphites: epoxides: furans: a.cohols; ketones; amides; 

and triazoles. m ; v t,iro nf ttm nresent invention is not particularly 

«. „**.»> a Mgb M of tt«bta» f " J™ pSanbly no. 10 ppn> to 5* t, mght 

nitrobenzene. More preferred are nitromethane and nitroethane. 
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As the phenols, those represented by the following formulas are preferred: 






R 

IR' 




JO 



15 




R 



20 




R' 

R^§)-cXO>- R 
R" 



OH 
R" 

00R' -R", TO 



/// 




30 2.2-propane and %6-di-t-butyi-p-cresol. 

As the amines, those represented by the following formulas are preferred. 

R-N(R ) 2 . (R)2-N(R )a. (R)a-NR, (R) 3 N, RN, 



35 



o; )n-r", 

R' 



40 



(R) 2 N-R-N-{R w )2 
R-CHN(R)2-R : N-(R"|2 
(R) 2 N-R'-NH-r"-N-(R h 



- £IS n^TSroaen ato. or a ch.n or cyclic Hydrocarbon 9 rou P f, V in 9 fro. i 

XTne Xhenylamine and diethylhydroxylamine. More preferred are diisopropyiamlne and d.al.y.amme. 
As the ethers, those represented by the following formulas are preferred: 
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10 



15 



20 



25 



30 



35 



40 



R-O-R' o( )0 , R-OH-R'OH , 

R' 

HO-R-O-R', HO-R-O-R' -0-R" , HO-R-OH , 

R-0- R'-CH - R" . R-O-R' -0-R" , 

i o J 

R-O-CH - R' , R-0-R'-(OR" ), 
< 0 J 

wherein each of R. R* and r' is a chain or cyclic hydrocarbon group having from 1 to 10 carbon atoms and 
contaTning a saturated or unsaturated bond. Specifical.y. they include 1.4-dioxane. 1.2-butaned.ol. uopropy 
ether e hylene glycol monomethyl ether, diethylene g.ycol monome.hyl ether, diethylene glycol rnonoajy 
e her d p^ylene glycol msthy. ether, ethyl isobuty. ether, ethyl isopentyl ether, ethyl naphthyl ether, ethy 
!ny 'et ar ethy. pheny. ether, anisole. anethole. ethyl propargyl ether, ethyl propyl ether ethyl mjhyl 
ether ethy ene glycol, methyl glycidyl ether, ethylene glycol diethyl ether, ethylene glycol d.pheny e her, 
h ene g ycol'dimethy. elher. ethylene glyco, monopheny. ether. e»hy.ene glycol monobutyl ether 
e h lene glycol monobenzy. ether, dipentyl ether, allyl ethyl ether, diisopentyl et her . diallyl ethe . butyl 
g ycidyl e?her. allyl glycidyl ether, dipropyl ether, ethyl glycidyl ether, vinyl glycidyl ether d.rnethyl ether, 
diethyl ether di-n-oropyl ether, dibutyl ether. , ,2-dimethoxyethane. trime.hoxyethane. and tnethoxyethane. 
More preferred are 1,4-dioxane. butyl glycidyl ether and 1 ,2-dimethoxyethane. , . 

As the amylenes: a-amylene. /J-amylene. r -amylene. «-isoamylene and *-isoamylene are preferred. 

More preferred is jS-amylene. 

AS the esters, those represented by the following formulas are preferred: 

r-coo-r'. 

R-CO , 

I , 
N-R 



irVn-coo-r • and R0 " R - C00R . . * — . < e 

wherein each of R, R and r" is a hydrogen atom or a chain or cyclic hydrocarbon group havmg from 1 to 6 

carbon atoms and containing a saturated or unsaturated bond. 

Specifically, they include methyl acetate, ethyl acetate, propyl acetate. r,-butyl acetate, isobutyl acetate 
45 .sopropyl acetate, ethyl acrylate. 2-hydroxyethyl methacrylate, methyl acrylate. buty acrylae phenyl 
acrylate, allyl acrylate. caprolactam, ethyl carbamate, methyl carbamate, and methyl sal.cylate. More 
preferred are methyl acetate and methyl salicylate. 

As the organic phosphites, those represented by the following formula are preferred: 



so 



S5 
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(RO) ,P, (R-R' -0) 3 P , (RO) *POR' , 



r- RO 



\ 



>- R'0 / 



R 



OCH 



C (RS) 3 P , 
4 , 



TO 



T5 



20 



R-R' -0 

- i- 



P 

3 



ROP 



OH 2 C^ 
^ 0H 2 C 



CH.O^ 
^ CH 2 0 



R-R' - 



25 



. OH 2 C x 
N OH 2 c' 



POR' 



/ CH ! O x 
^CHzO 



PO- R"-R 



u -„ of r r' R* and Ft" is a hydrogen atom or a saturated or unsaturated chain or cyclic 
S5^^~ h^l^l •VcJL 9 ^ Specify, they include trlphenolphosphite , tris- 
oo KyXyS ,n S (2-ethy.hexyl) P hos P hite. tridecylphosphite. 

TpZnyJno^e^osme. dlphenylmonodecylphosphite, ^"/'^^^^^ 
dilaurvlhydrogen phosphite, diphenylhydrogen phosphite, tetraphenyld.propylene glycol pentaerythntol 
SXsSe WlauJyltrimiophosphlte. bis(tridec y .)pentaerythritol diphosphite. b.s nony.phenyO- 
penSSS diphosphite. Jteary. phosphite, disteary, pentaerythrito. diphosph.te.. and tn S (2.4-d,-<ert- 
os butylphenyl)phosphite. More preferred are triphenylphosphite and tnbutylphosph.te. 
As the epoxides, those represented by the following formulas are preferred: 

^erem fL saturated or unsaturated chain or cyclic hydrocarbon group having from 1 to 8 carbon atoms. 

™ d iel«SZsX™* 1.2-butylene oxide, epichlorohydrin. propylene oxide. 2.3-butylene oxide and; 
styrene oxide. More preferred are 1.2-butylene oxide and epichlorohydrin. 
As the furans. those represented by the following formulas are preferred: 



to 



45 



R 



I > 0 

R' X 



R 



R 



R'/ R / 



R 

I 
R 



NH 



50 



55 



wherein each of R. R' and r" Is a saturated or unsaturated hydrocarbon group having from 1 to 2 carbon 
atoms Spediy they include tetrahydrofuran. n-methy.pyrrole, 2-methylpyrrole and 3-me.hylpyrrole. 

M ° ( *£T£^™™Z°L n * used as stabilizers, those presented by the foiling formu.as are 

preferred: t 

R-OH NH 2 -R-OH. R-O-R -OH and R-R -OH . 

wherein each of R and R' Is a saturated or unsaturated chain or cyclic hydrocarbon group hav.ng from 1 to 
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Specifically, they include, methanol, ethanol. secbutanol. tert-butanol. allylalcoho ben^lacohol pro- 
panol isopropanol, tert-amylalcohol. l-amino-2-propanol. propargylalcohol. .sobutanol bu anol 3-mettyl- 
rntyn-3-ol Lethoxy-2-propanol. 3-methyl-1-butyn-3-ol. 2 .methyl-3-butyn-3-ol. pentyl alcohol, hexanol. 
heptanol and octanol. More preferred are secbutanol and propargyl alcohol. 

As the ketones and amides, those represented by the following formulas are preferred: 

(R) 2 C0, R-CO-R', (RNCO)z, 



ro 



/5 



20 



35 



4Q 



_.C00N-R 
"-C00N-R' 




R 



-CO-NH-R', R-CON-U')*. 



,R,.HC0H(.-).. ^X^-^co/") 



CO 



NR" NR 



at 



wherein each of R R'. R" and R* is a hydrogen atom or a saturated or unsaturated hydrocarbon group 
having from 1 to 4 carbon atoms. Specificaly. they include acetone, methyl ethyl ketone, methyl isobutyl 
ketone azodicarbonamide. maleic acid hydrazine, phthalic acid hydrazine, formamide, N-methylformarn.de, 
N N-dimsthylformamide. N-methylprcpropioneamide. 2- P yrrolidone. N.N.N -tetramethy.urea and N-methyl- 
30 pyrrolidone. More preferred are methyl isobutyl ketone and 2-pyrrolidone. 

As the triazoles, those presented by the following formulas are preferred: 



OH 

I , „ 

R-N 3 -R', R-N 3 -R"-OH, X-R-N 3 -R -R , and 

R" • R "' 



R-N 3 -R' -N-R 



45 



50 



55 



wherein each of R, R. R* and R" is a hydrogen atom or a saturated or unsaturated chain or cyclic 
hydrocarbon group having from 1 to 16 carbon atoms, and X is a halogen atom 

Specifically, they include 2-(2 -hydroxy-5 -methylphenyl)benzotriazoie. 2-{2 -hydroxy^ -tert-butyl-S - 
methylphenyl)-5-chloroben Z otria 2 ole. 1 .2>benzotriazole, and H (N,N-bis.2.eth y lhexyl)annmomethyH- 
benzotriazole. More preferred is 1 ,2,3-benzotriazole. 

The hydrochlorofluorocarbon azeotropic or azeotropic-like mixture of the present mvention .s useful for 
various purposes, for example, as a blowing agent and so on. like conventional CFCs. It is particularly 
useful as a solvent, since it provides a solvency equivalent or superior to conventional R113. Spec.fic 
applications as the solvent include a removing agent for flux, grease, oil. wax or ink. a coating solvent, an 
extracting agent a cleaning or water-removing agent for various articles made of glass, ceramics, plastic, 
rubber or metal particularly for semiconductor devices, electronic components, electronic circuit boards, 
electrical devices, precision machine parts or optical lenses. Further, it is useful as a resist developer, a 
resist-removing agent or a buff polishing and cleaning agent As a cleaning method, manual wiping, dipping, 
spraying, shaking, ultrasonic cleaning or vapor cleaning may be employed. 
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Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted by such specific Examples. 



5 EXAMPLES 1 to 152 

1 000 g of a mixture as identified in Table 1 was charged in a distillation flask, and using a packed 
distillation column which contained approximately 20 theoretical plates, distillation was conducted under 
atmospheric pressure. The fractions thereby obtained were measured by gas chromatography, whereby the 
io presence of an azeotropic composition was found. 

On the other hand, the azeotropic-tike composition was obtained from the composition after repeating 
the evaporation and condensation of a mixture as identified in Table 1 for 3 days by an open system 

cleaningjump^ ^ ^ mm x 30 mm x 2 mm in thickness) was immersed in machine oil (CQ-30, 
» manufactured by Nippon Sekiyu K.K.) and then immersed in the azeotropic mixture of the present invention 
for 5 minutes. The results are shown in Table 1, wherein symbol A-© indicates that the mach.ne o.l can be 

removed satisfactorily at the same level as R113. 

A single sided printed circuit board (50 mm x 100 mm x 1.6 mm in thickness) was coated with a flux 
(Tamura F-AL-4, manufactured by Tamura Seisakusho) and heated at 200 C for 2 minutes in a convection 
oven. Then, it was immersed in the azeotropic mixture of the present invention for one minute The results 
are shown in Table 1. in which symbol B-@ indicates that the flux can be removed satisfactory at the 

same level as R113/ethanol = 96.2 wt%/3.8 wt%. , 

A glass plate (30 mm x 18 mm x 5 mm In thickness) was immersed in deiomzed water and then 
immersed in the azeotropic mixture of the present Invention for 20 seconds for removal of water The glass 
plate withdrawn, was immersed in dry methanol, whereby the removal of water was determined from ihe 
increase of the water content in methanol. The results are shown in Table 1. in which symbol C-® 
indicates that the water can be removed satisfactorily at the same level as R113/methanol = 93.6 wt/o/6.4 
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Table 1 



Exam- 
ples 



10 



11 



12 



Mixtures 



B.P. 

CO 



R225ca 
Rl41b 

R225ca 
R113 

R225ca 
R122 

R225ca 
R132b 

R225ca 

Dichloro- 

methane 

R225cb 
Rl41b 



R225cb 

Dicriloro- 

methane 



R225cb 
R132b 

R22Scb 
R122 

R225cb 
R113 



51.1 
32 

51.1 
47.6 

51.1 
71.9 

51.1 
46.8 

51.1 
39.8 

56.1 
32 



R244ca 
Rl41b 



R244ca 

Dichloro- 

methane 



56.1 
39-8 



Charged 
compos i' 
tion 
(wt%) 

30 
70 

40 
60 

80 
20 

52 
48 

50 
50 

20 
80 

50 
50 



56.1 
46.8 

56.1 
71.9 

56.1 
47.6 



54 
32 



54 
39.8 



42 
58 

80 
20 

30 
70 



15 
85 



50 
50 



Boiling 

point 

of 

Azeo- 
trope 

CO 
31 

44 

52 



Azeo- 
tropic 
compo- 
sition 
(wt%) 

25 
75 

42 
58 

78 
22 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 

5-45 
55-95 

22-62 
38-78 

58-98 
2-42 



42 



50 
50 



30-70 
30-70 



34 



32 



36 



47 
53 

16 
84 

43 
57 



27-67 
33-73 

1-36 
64-99 

33-53 
47-67 



43 



55 



46 



39 
61 

78 
22 

32 
68 



19-59 
41-81 



58-98 
2-42 



Test 
results 



12-52 
48-88 



32 



13 
87 



1-33 
67-99 



35 



38 
62 



18-58 
42-82 



A-< 



A-© 



A-< 



A-© 



B-@ 



A-< 



A-© 



A-( 



A-< 



A-< 



A-® 
B-© 
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Table 1 (continued) 



TO 



T5 



20 



25 



30 



35 



40 



45 



Exam- 
ples 



13 



14 



IS 



16 



17 



18 



19 



20 



21 



Mixtures 



B.P. 

CO 



R244ca 
R122 



54 
71.9 



R244ca 
Rl32b 

R244ca 
R113 

R225ca 
Cyclo- 
pentane 

R225cb 
Cyclo- 
pentane 

R244ca 
2,2- 

dimethyl- 
butane 

R225cb 
2,2- 

dimethyl- 
butane 

R244ca 
Cyclo- 
pentane 

R225ca 
2 r 2- 

diraethyl- 
butane 



54 
46. 8 

54 
47.6 

51.1 
49.3 

56.1 
49.3 

54 
49.7 



Charged 
composi- 
tion 
(wt%) 



56.1 
49.7 



54 
49.3 

51.1 
49.7 



80 
20 



42 
58 

20 
80 

70 
30 



58 
42 



50 
50 



25 
75 



55 
"U5 



60 
40 



Boiling 

point 

of 

Azeo- 
trope 
CCH 

55 



44 



47 



45 



47 



50 



50 



47 



49 



Azeo- 
tropic 
compo- 
sition 

<wt%) 

83 
17 



38 
62 

26 
74 

66 
34 

55 
45 

48 
52 



21 
79 



50 
50 

56 
44 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 

63-99 
1-37 



18-58 
42-82 

6-46 
54-94 

46-98 
2-54 

35-98 
2-65 

28-98 
2-72 



Test 
results 



11-98 
2-89 



30-98 
2-70 

36-98 
2-64 



A-' 



A-< 



A-< 



A-< 



A-< 



A-© 



A-< 



A-@ 



A- 



50 



55 
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Table 1 (continued) 



Exam- 
ples 



22 



24 



27 



23 



Mixtures 



B.P. 
(°CJ 



R225ca 

2-bromo- 

propane 



51.1 
59.4 



Charged 
compos i- 
tion 
(wt%) 

60 
40 



R225cb 

2-bramo- 

propane 

R244ca 

2-bromo 

propane 

R244cb 
2-broiuo 
propane 



56.1 
59.4 

54 
59.4 



R235ca 
2 6 I 2-bromo- 
propane 



R243cc 
2-bromo- 
propane 



R225cb 
2-methyl 
pentane 



R244ca 
29 I 2-methyl 
pentane 

R244cb 
3 0 | 2-methyl 
pentane 



60 
40 

50- 
50 




Boiling 

point 

of 

Azeo- 
trope 
<°C) 

47 



49 



48 



50 



42 



52 



55 



55 



Azeo- 
tropic 
compo- 
sition 
(wt%) 

66 
34 



58 
42 

55 
45 

50 
50 

74 
26 

50 
50 



91 
9 

72 
28 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 

46-86 
14-54 

38-78 
22-62 

35-75 
25-65 



30-70 
30-70 

54-94 
6-46 

30-70 
30-70 



Test 
results 



50-99 
1-50 



71-99 
1-29 



52-98 
2-48 



A-© 



A-< 



A-@ 



A-< 



A-« 



A-® 



A-< 



A-< 



12 
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Table 1 (continued) 



70 



15 



20 



25 



30 



35 



40 



Exam- 
ples 



45 




50 



55 



13 
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Table 1 (continued) 



ro 



/5 



20 



25 



30 



35 



40 



45 




SO 



55 



14 
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Table 1 (continued) 



10 



15 



20 



25 



00 



35 



40 



45 




50 



55 



15 
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Table 1 (continued) 



10 



is 



20 



25 



30 



35 



40 



45 




50 



55 



16 
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Table 1 (continued) 



Exam- 
ples 



63 



64 



65 



66 



67 



68 



69 



Mixtures 



R235ca 
Rl41b 

R243CC 
R122 

R243CC 
R132b 

R225ca 
R141 



R225cb 
R141 

R244cb 
R141 



R225ca 
Methanol 



R225cb 
70 lEthanal 



B-P. 
(°C) 



43.9 
32 

60.2 
71.9 

60.2 
46.8 

51.1 
75.7 

56.1 
75.7 

58 
75.7 



R225cb 

71 |Iso- 

propanol 



R225cb 

72 I Methanol 

R225ca 

73 |R225cb 
Ethanol 



51.1 
64.5 

56.1 
78.3 



Charged 
composi- 
tion 
(wt%) 

30 
70 

80 
20 

20 
80 

90 
10 

90 
10 

85 
15 

97 
3 

97 



56.1 
82.4 



56.1 
64.5 

51-1 
56.1 
78.3 



Boiling 

point 

of 

Azeo- 
trope 

(°C)_ 
30 

60 

46 



52 



56 



59 



46 



Azeo- 
tropic 
compo- 
sition 
(wt%) 

34 
66 



53.8 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 

14-54 
46-86 



77 
23 

24 
76 

95 
5 

89 
11 

90 
10 

94.6 
5.4 



95.6 
4.4 



57-97 
3-43 

-4-44 
56-96 

75-99 
1-25 

69- 99 
1-31 

70- 99 
1-30 

75-99 
1-25 



74-99.5 
0.5-26 



Test 
results! 



A-< 



A- 



A-© 

A-< 

A-© 

A-® 

A-© 
B-© 
C-® 



A-© 
B-© 
C-© 




17 
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Table 1 (continued) 



Exam- 
ples 



10 



15 



20 



25 



30 



35 



40 



45 



74 



75 



76 



77 



78 



79 



80 



81 



82 



Mixtures 



B.P. 
<°C) 



R225ca 
R225cb 
Methanol 

R225ca 
Ethanol 



51.1 
56.1 
64.7 

51.1 
78.3 



Charged 
composi- 
tion 
(wt%) 



R225ca 
Iso- 

propanol 



51.1 
82. 4 



R225ca 
R113 

Dichloro- 
methane 

R225cb 
R113 
R132& 



R225ca 
R113 
Rl32b 

R225cb 
R113 

Dichloro- 
methane 



51.1 
47.6 
39.8 

56.1 
47.6 
46.8 

51.1 
47.6 
46.8 

56.1 
47.6 
39.8 



R244ca 
R113 

Dichloro- 
methane 

R244ca 

R113 
Rl32b 



54 
47.6 
39.8 

54 
47-6 
46.8 



89 
6 
5 

98.5 
1.5 



35 
15 
50 

25 
35 
40 

35 
25 
40 

25 
25 
50 



25 
20 
55 

20 
30 
50 



Boiling 

point 

of 

Azeo- 
trope 
(°C) 



46 



50 



Azeo- 
tropic 
compo- 
sition 

(wt%) 



89.8 
5.6 
4.6 

97.3 
2.7 



38 
15 
47 

26 
35 
39 

32 
29 
39 

26 
24 
50 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 



14-98 
1-85 
1-16 

75-99.5 
0.5-25 



76-99 
1-24 



Test 
results 



25 
19 
56 

19 
32 
49 



15-61 
8-44 
34-70 

6-37 
22-52 
27-51 

22-55 
10-46 
21-55 

8-38 
8-47 
34-63 



6-33 
9-41 
43-68 

4-39 
6-53 
30-67 



A-< 
B-< 
C-< 

A-< 
B-< 
C-< 



A-© 
B-© 
C-O 



A* 
B- 



A-< 



A- 1 



A-< 
B-< 



A-© 



A-< 



so 



55 



18 
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Table 1 (continued) 




19 



R 4 • 



EP 0 381 216 A1 



Table 1 (continued) 



10 



75 



20 



25 



30 



35 



40 



45 




50 



55 
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Table I (continued) 



Exam- 
ples 



95 




97 



98 



99 



Mixtures 



B.P. 
(°C) 



R225ca 
R113 

1-chloro- 
propane 



51.1 
47.6 
46.6 



R225cb 
R113 

1-chlorc 
propane 



56.1 
47.6 
46-6 



R244ca I 54 
R113 47.6 
2-chloro- I 50.7 
2-methyl- 
propane 



R244ca 
R113 
Cyclo- 
pentane 

R225ca 
R113 

2-chloro* 
2-methyl- 
propane 



R225cb 
R113 
100 | 2-chloro- 
2-methyl- 
propane 



101 



R224ca 
R113 

1-chloro- 
propane 



54 
47.6 
49.3 

51.1 
47.6 
50.7 



Charged 
composi 
tion 
(wt%) 

50 
20 
30 



40 
30 
30 

20 
60 
20 



56.1 
47.6 
50.7 



54 
47.6 
46.6 



30 
50 
20 

45 
50 
5 



30 
60 
10 



35 
20 
45 



Boiling 

point 

of 

Azeo- 
trope 
<°C) 



Azeo- 
tropic 
compo- 
sition 

(wt%) 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 



52 
16 
32 

42 
27 
31 

22 
57 
21 



27 
50 
23 

40 
55 
5 



42-61 

7- 55 
2-43 

23-44 

8- 70 
2-47 

4-33 
41-78 
8-31 



5-45 
9-7 4 
12-46 

28-56 
12-64 
2-32 



Test 
results! 



31 


17-38 


58 


41-75 


11 


2-21 



36 


9-39 


19 


9-84 


45 


2-60 



A-® 
B- 



A-© 
B- 



B- 



A- 



A- 

B- 



A— 
B- 



A- 
B- 



21 
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Table 1 (continued) 
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Table 1 (continued) 



Exam- 
ples 



Mixtures 



108 



109 



110 



111 



112 



113 



R225ca 
R225cb 
trans- 
1,2- 

dichloro- 
ethylene 

R225ca 
R225cb 
R122 

R225ca 
R225cb 
R141 



B.P. 



51.1 

56.1 
47.7 



51.1 
56.1 
71.9 

51.1 
56.1 
75.7 



R225ca I 51.1 
R225cb 56.1 
Rl32b I 46.8 

R225ca 56.1 
Rl41b 32 
Dichloro- I 39.8 
methane 



R225ca 
R141b 
Dichloro- 
methane 



R225ca 
114 |R141b 
R123 



115 



R225ca 
R225cb 
R113 



51.1 

32 
39.8 

51.1 

32 
27.1 

51.1 
56.1 
47.6 



Charged 
composi- 
tion 
(wt%) 

40 
15 
45 



80 
10 
10 

80 
10 
10 

35 
10 
55 

25 
65 
10 

30 
60 
10 

15 
5 

80 

30 
10 
60 



Boiling 

point 

of 

Azeo- 
trope 

(°C) 



Azeo- 
tropic 
compo- 
sition 

(wt%) 

42 
13 
45 



Azeo- 
tropic- 
like jTest 
corapo- I results 
sition 
(wt%) 



26 
62 
12 



12 
7 

81 

33 
9 

58 



8-57 
6-54 
10-59 



80 


40-89 


8 


2-37 


12 


3-23 


84 


44-92 


8 


2-41 


8 


1-17 


36 


6-44 


11 


4-44 


53 


44-73 


20 


8-31 


67 


36-88 


13 


3-38 



8-41 
32-84 
3-31 



6-33 

2- 33 
44-86 

5-47 

3- 42 
5-79 



A-@ 
B- 



A- 
B- 



A-< 
B-< 

A- 
B- 



A-@ 
B-@ 



A-© 
B-© 



A- 

B-@ 

A-@ 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 


Charged 
composi- 
tion 
<wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 

compo- 

• * • 
sition 

(wt%) 


Azeo- 
tropic- 

like 

compo- 
sition 
(wt%) 


Test 
results 


116 


R225ca 


51.1 
56 . 1 


25 
21 




25 
21 


9-49 
8-39 


A-@ 
B-® 


Dichloro- 
methane 


39.8 


55 




54 


5-70 




117 


R244ca 
R141b 
uicnioio 
methane 


54 
32 
39 8 


15 
70 
15 




16 
68 
16 


6-31 
38-90 
3-40 


A-® 
B-© 


118 


R244ca 
R225cb 


54 
56.1 


20 
40 




21 
42 


5-58 
7-66 


A-® 

B-® 


propane 




40 




37 


5-54 






R244ca 


54 


oU 




•J JL 


4-58 


A-® 




R225cb 


56.1 


40 




35 


7-71 


B-® 


119 


cis-1,2- 
aici^io t o 
ethylene 


60.6 


30 


— 


34 


4-43 






R244ca 


54 


15 






O J o 


A-® 


120 


R225cb 

1-chloro- 

propane 


56.1 
46.6 


40 
45 


- 


39 
46 


9-65 
5-71 


B-® 




R244ca 


54 


20 




22 


7-55 


A-® 




R225cb 


56.1 


30 




32 


8-56 


B-© 


121 


2-chloro- 
2 -methyl- 
propane 


50.7 


50 




46 


5-74 






R244ca 


54 


60 




62 


29-87 


A-© 




R225cb 


56-1 


20 




20 


6-68 




122 


2,3- 

dimethyl- 
butane 


58 


20 




16 


2-29 





24 
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Table 1 (continued) 



Exam- 
ples 



123 



124 



125 



126 



127 



128 



Mixtures 



129 



B.P- 

(°C) 



R244ca 
R225cb 
R132b 

R244ca 
R22Scb 
trans- 
1/2- 

dichloro- 
ethylene 



R244ca 
R225cb 
Cyclo- 
pentane 

R244ca 
R22Scb 
Diqhloro- 
raethane 

R244ca 
R225ca 
2,2- 

dimethyl- 
butane 

R244ca 
R225ca 
Dichloro- 
methane 

R244ca 
R225ca 
R132b 



54 
56,1 
46.8 

54 
56.1 
47.7 



Charged 
composi- 
tion 
(wt%) 



54 
56.1 
49.3 

54 
56.1 
39.8 

54 
51.1 
49.7 



54 
51.1 
39.8 

54 
51.1 
46.8 



20 
20 
60 

30 
25 
45 



25 
30 
45 

20 
20 

60 

40 
20 
40 



10 
30 
60 

10 
40 
50 



Boiling 

point 

of 

Azeo- 
trope 
(°C) 



Azeo- 
tropic 
compo- 
sition 
(wt%) 



18 
24 
58 

30 
26 
44 



25 
32 
45 

17 
24 

59 

39 
19 
42 



12 
34 
54 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 



5-42 

7- 50 
41-80 

5-55 

8- 57 
5-61 



8- 56 

9- 55 
5-69 



7-35 
9-42 
45-73 



7- 61 

8- 71 
5-72 



5-41 
9-48 
40-73 



9 


2-37 


40 


7-50 


51 


35-72 



Test 
results 



A-@ 
B-@ 

A-@ 

B- 



A-© 



A-© 

B-® 



A-® 



A- 
B- 



B-© 



25 
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Table 1 (continued} 



Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
compos i- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 

(vt%) 


Azeo- 

tropic- 

like 

sition 
(wt%) 


Test 

rpsul ts 


130 


R244ca 
R225ca 
R141 


54 
51.1 
75.7 


25 
70 
5 




70 
6 


J — *i 3 

47-95 
0.1-17 


B-® 


131 


R244ca 
R225ca 
Cyclo- 
pentane 


54 
51.1 
49.3 


10 
55 
35 




11 
55 
34 


5-55 
9-67 
3-53 


A-@ 


132 " 


R244ca 
R225ca 
R122 


54 
51.1 
71.9 


20 
70 
10 


- 


21 
70 
9 


3-59 
36-93 
1-22 


A-© 
B-© 


133 


p 9 4 dra 

R225ca 
trans- 
1,2- 

dichloro- 
ethylene 


54 
51.1 
47.7 


10 
50 
40 




11 
47 
42 


3-69 
8-78 
3-54 


A-© 
B-® 


134 


R244ca 
R225ca 
cxs-1, 2- 
dichloro- 
ethylene 


54 
51.1 

60 . o 


8 

62 




10 
60 
30 


3-59 
7-75 
3-38 


A-© 
B-® 


135 


R244ca 
R225ca 
2-bromo- 
propane 


54 
51.1 
59.4 


10 
60 
30 




8 

58 
34 


3-58 

6-71 
3-44 


A-@ 
B-© 


136 


R244ca 
R225cb 
R141 


54 
56.1 
75.7 


45 
45 
10 




47 
47 
6 


22-86 
6-72 
1-21 


A-© 
B-© 



26 



EP 0 381 216 A1 



Table 1 (continued) 



Exam- 
ples 



137 



138 



139 



140 



141 



142 



Mixtures 



R225ca 
R225cb 
Cyclo- 
peatane 

R244ca 
R225cb 
R122 

R244ca 
R225ca 
2,3- 

dimethyl- 
butane 

R244ca 
R225ca 

1- chloro* 
propane 

R244ca 
R225ca 

2- chloro- 
2-methyl* 
propane 

R244ca 
R225cb 
2,2- 

dimethyl* 
butane 



B.P. 
(°C) 



51.1 
56.1 
49.3 

54 
56.1 
71.9 

54 

51.1 
58 



54 
51.1 
46.6 

54 
51.1 
50.7 



54 
56.1 
49.7 



Charged 
composi- 
tion 
(wt%) 

50 
10 
40 

50 
40 
10 

30 
65 
5 



10 
50 
40 

10 
60 
30 



45 
10 
45 



Boiling 

point 

of 

Azeo- 
trope 
(°C) 



Azeo- 
tropic 
compo- 
sition 
(wt%) 



48 
15 
37 

45 
45 
10 

29 
67 
4 



10 
54 
36 



42 
14 
44 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 



10-88 
8-70 
3-58 

8-83 
6-84 
3-28 

3-84 
13-94 
0.1-19 



11 


3-48 


48 


7-62 


41 


3-56 



3-56 
6-72 
3-54 



7- 76 

8- 62 
3-73 



Test 
results 



A-® 



A-© 
B-® 

A- < 



A-@ 
B- 



A-© 
B- 



A-< 
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28 



Printed from Mimnca 01/07/95 An-AQ AR Pano- OB 



EP 0 381 216 A1 



Table 1 (continued) 



70 



75 



Exam- 
ples 


* 

Mixtures 


B.P. 
<°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 

ro 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 

4 

tropic- 
like 
compo— 
sition 
(wt%) 


Test 
results 


152 


R225ca 
R225cb 
Iso- 

propanol 


51.1 
56,1 
82-4 




* 




1-98 
1-98 
1-16 


A-© 
B-@ 



25 



30 



2Q REFERENCE EXAMPLES 

For the purpose of ascertaining the effects of the azeotropic-like mixture of the present invention for 
stabilization, the following test was applied to the mixture as identified in Table Z 

n acco dance with JIS K1600, a metal test piece was placed in both the liqu.d phase port.on and the 
gas phase Son of the stabilized mixture as identified in Table 2, and after 48 hours, the state of corros.on 
of the test piece was inspected. The results are shown in Table 2. 
Azeotropic*like mixture 

AA: R225ca/R225cb/methanol = 47 wt%/47 wt%/6 wt% 
Stabilizer 

NM: Nitromethane 
DIPA: Diisopropylamine 
Am: 0-Amylene 
TPH: Triphenylphosphite 
DME: 1 ,2-Dimethoxyethane 
s-8u: sec-Butanoi 
ECH: Epichlorohydrin 
BHT: 2,6-Di-t-butyl-o-cresol 
BTA; 1,2,3-Benzotriazole 
PH: Phenol 
DO: 1,4-Dioxane 
MeA: Methyl acetate 
BO: 1 ,2-Buthyleneoxide 
MP: N-methylpyrrole 
MI8K: Methyl isobutyl ketone 
i-Bu: Isobutanol 
Appearance of test piece 
©: No corrosion 
O: No substantial corrosion 
A : Corrosion slightly observed 
50 X: Substantial corrosion observed. 



35 



40 



45 



55 
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Reference Examples 



AA01 



AA02 



AA03 



AA04 



AA05 



AA06 



AA07 



AA08 



AA09 



AA10 



Table 2 



Stabilized mixture (wt%) 



AA(99.5)/PH(0.5) 



AA(99.5)/DIPA(0.5) 



AA(99.5)/Am(0.5) 



AA(99.5)/TPH(0.5) 



AA(99.5)/MP(0.5) 



AA(99.5)/BTA(0.5) 



AA(99)/NM(1) 



AA(99VDO(1) 



AA(99)/MeA(1) 



AA(99)/BO(1) 



Corrosion of test 
piece 



Fe 



® 



® 



® 



® 



® 



® 



® 



® 



® 



Cu 



O 



© 



o 



o 



Ag 



o 



o 



o 



o 



AA11 



AA12 



AA13 



AAU 



AA15 



AA16 
AA17 



AA(99)/DME(1) 
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The hydrochloroftuorocarbon azeotropic or azeotropic-like mixture of the present invention is non- 
flammable or hardly flammable and has excellent properties equal or superior to conventional CFCs. 
Further the mixture shows no substantial change in the composition during boiling and evaporating, since it 
has an azeotropic composition or an azeotropic-like composition, and it can be used in the same manner as 
a conventional single CFC and thus has a merit that it requires no substantial change of the conventional 
technique Further, it is excellent in the properties for dissolving and removing a flux or oil like R113 which 
is commonly used as a solvent, and thus it Is useful as a cleaning agent which may be an alternative for 
R113. 



Claims 

1 . A hydrochlorofluorocarbon azeotropic or azeotropic-like mixture comprising at least one member 
selected from the group consisting of hydrochlorofluoropropanes of the formula I: 
CH a Cl b F c CF 2 CH x Cl y F z (I) 

wherein a + b + c-3. x + y + z = 3. a + xfcl. b+y*1. and 0Sa,b.c,x,y.z*3. and at least one member selected 
from the group of compounds II consisting of halogenated hydrocarbons having a boiling point of from 20^ to 
85' C other than said hydrochlorofluoropropanes, hydrocarbons having a boiling point of from 20 to 85 C 
and atcohols having from 1 to 4 carbon atoms. 

2 The mixture according to Claim 1. wherein the hydrochlorofluoropropanes of the formula I are 3.3- 
dichloro-1.l.1.2.2-pentafluoropropane (R225ca). 1 .3-dichloro-1 .1 ,2,2.3-pentafluoropropane {R225cb) ( 3-chloro 
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85'Chave«rom5to8c^on atom S _ from 1 tQ 4 carbon atoms ^ 

5. The mixture according to Claim i. wnerein me *w 
methanol, ethanol and ^preparo!. _ h|orinated hydroC arbons having from 1 to 4 carbon 

(l41b) ' mx „ ♦« ripim 1 wherein the brominated hydrocarbon is 2-bromopropane. 

i ssa^vs - -sssir? ,rom 5 to 8 carbon a,oms are 

cydopentane, member selected from 

' 10 ' ^nS^RU^il^SSJ^ R141WR123. dlch.oromethane. R1% R13% 
thegroupconsistngof RH1,R14lD.Hi^D'a'c cydopentane. 2,2-dimethylbutane. 2- 

R113. R 1 13/R132b. cis-t^ich.oroethyiene, 

; R113/2 -cMoro-2-methylpropane m*«r* J^J^^ES, ancI at least one member selected from 
„. The mixture , according , to ^^SZ^. d.ch.oromethane. R122. 
the group consisting of R141, hmid, m-M » o^ imet hvlbutane 2-methylpentane, trans- 1.2-dich- 
R H3 f 32b. «1^3SSSEE1 ^SSSi^rSinS^ Rll'/cyCopentane. R113/1- 

, XC^^^^ Rm/cls-t^chioroethylene. R,13,2-bromopropane, 

^^^f^^^^ StCSca and at .east one member selected from 
12. The mixture acco d. g to Ctaj 1. j£j<^£ dichloromethane. R122. Rl32b, R113, R113/R132b, 
the group cons.st.ng of R141b. ™" b ™™™°™™™' 2-bromopropane, 2-methylpentane. 2.3-dimethyl- 
Rl13/dich,orornethane. cyctopen^ RHa/t-chloropropane. 

^ethylene, ci S -1.2-dichloroe<h yI ene. methanol. ^^"^^ and at Ieast one m9 mber 
,3. The mixture according to Cairn 1. ^'f 1- 

. c — R122 ' 

C RHt P R132b. R113. dichloromethane ™*^™^^Tb2«c* and at .east one member 
14. The mixture according to Oa. ml. S pe nL. 2,3-dimethylbutane. 

4s .oroethylene. dichloromethane. R141.R122, methanol i and ^noU 

,6. The mixture 2,3-dimethylbutane. dich- 

SSJTmS,^. S^^oSS^ ^Wroe^ene. 2-bromop.ropane, t- 
chloropropane, ^loro-2^ 'SS'lSSS^ and at least one member se.ected from 

2-bromopropane. - — one member selected from 

*. ^^^^ 2 - brom ^ 2 - me * y,pen - 

55 tane^ichfcromethane. one m9mber s9lect9d (rom 

16. The mixture according to Claim 1 J^LSSzSmethylbutane. 2.3-dimethylbutene, 2-methylpen- 
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19 The mixture according to Claim 1, which comprises R225ca. R225cb. R244ca and methant 
20. The mixture according to Claim 1 , which comprises R225ca. R225cb. R244ca and ethanol. 
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